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The Organization of a Course for Individual Frogi^ss at 
Theodore High School: Syot^m Analysis and Siosilation ^ 



ABSTRACT 



This Tech Neno is the third in a series zeporting the work done at Theodore 
High School in connection with the study New Solutions to lamleisenting 
Instructional Media Through Analysis and Siiaulation of School Organization * 
The biology course at Theodore High School is described as a systen for 
processing students; the results Obtained throuidi siamlating this systen on 
a computer are reported. In addition, a computer ainulation of an experi- 
mental version of the course is reported and compared with data from the 
actual course. 



«««««« 



I. INTROBUCTION 



^ile conducting this study, j^oject personnel have analyzed questionnaire 
data fron 69 high schools, visited 29 schools, and made a detailed stuOy of 
five of then. In examining this experience for trends in organizational 
innovation as it pertains to instruction, two najor ideas emerge. One is 
team teaching and the other is Individualization. The definition of both of 
these approaches varies from school to school. Of the two, individualization 
apipears to be particularly vague. Schools claiming to have Individualized 
courses msy actually be zoferxlng to traditional independent study, advanced 
cellege placement work, use of language laboratories, use of teaching machines/ 
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use of progrenned Instruction, etc* The common element that appears to hold 
these techniques together Is that Instruction is given to individual students 
instead of being given to groups of students. Instructional materials (texts, 
audio tapes, programs, etc.) are provided so that a single student can learn 
the content of a course, on his own, and will require only nitniiiui.1 supp<Mrt ffom 
a teacher. 



^is Idea is not new in schools; txadlt tonally, many courses currently in exis- 
tence have long used this approach to instruction, ^^ing courses and applied 
arts courses are hoth good exaiqples. In these sub,5^ets students are given a 
series of projects to coa(plete on their own. The advent of new educational 
techniques (particularly prograamed instruction) in recent years has suggested 
to many educators that instruction In tlie Individual mode might he extended to 
the more basic subjects such as mathematics, Ei^lsh, etc. In addition to 
Theodore Hl£(h School, three other schools^ included in this study are Involved 
In developmental programs aimed evautually at extending individual instruction 
to all of their courses. In addition, these three schocds are atteon^lng to 
add another dimension to Individuallaatlon by permitting students to set their 
own pace while they learn in the individual mode. Treating each student as an 
individual in terms of his specific progress is certainly educationally sound, 
but the specific procedures to accomplish it are presently both experimental 
and Indeterminate in effect. 

Theodore High School is outsta n d in g with regard to the number of courses that 
are individualised. The bldogy course was selected for intensive study because 
it exemplifies the approach used at the school. The balance of this report 
describes a system analysis of the ]^ocedures used in the biology course 
reports the results obtained by simulating the course. 



II. THE TROBUBM TOR aHUPr 

The biology course at Theodore High School operates ostensibly as an individual 
progress course. Students receive directions in a study guide, elect the 
specific tasks they will work on, and schedule themselves individually for the 
many day-to-day tasks that, taken all together, comiprise the course. ^ a 
consequence, students vary with respect to how mai^ of the tasks they have 
comipleted; a single class contains students engaged In a variety of different 
tasks at any given time. However, all students are constrained in their freedom 
to take as much time as they would like in completliig the various tasks by 
formal group goals. These goals are published in the study guide and require 
that all students in the course neat certain minimal progress requirements by 
specific dates in order to receive a passing grade In the course. 
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Bssexville, Kichlgan; and Nova High SOhool, Fort Lauderdale, Florida. 
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She first purpose for this study was to examine the concept of Individual 
progress as it related to the organisation of courses in general and the biology / 
course in particular* Sipeclfically^ three sets of data were contrasted for y 
laplleatlons that have a bearing cm this purj^ose* She three data sets were: ^ 

• Actual course data obtained from an analysis of records kept by the 
teacher and students* 

* Simulated actual data obtained by cooq^ter simulation of the course 
as described in Section B, below* 



* Simulated ejqperlmental data obtained by computer simulation of an 
e:gperimental version of the course described in Section C, below* 

She second purpose for the study was to draw lotiicatlons from the results as 
they related to the objectives of the project* iSiew Solutions for Imonleaenttnfc S 
InfitTniettonai Media Shrough Analveia a^ of School 

brief, these objectives were to: 

* Define new roles for school personnel* 

* Provide information on use of media as it relates to student/ 
teacher and student/student interaction* 

* Describe new applleatlons for data processing* 

* Provide information on amount and arrangement of space in 
innovating schools* 

* Provide estimates of characteristics of graduating students* 

A third purpose of this study was to draw some conclusions about the use of 7 
system analysis and computer simulation at research techniques in the present y 
study* ^ 



A* THE mourn COURSE AS A SfOSM 

A description of a system that represents the bidogy course at Theodore i f f gh 
School is presented below* The system is made uP of a sequence of activities, 
two for each of the 10 units of study that make up the course** These activities 



^-lJi93/lll/00, a SbrstSa Dew&opment Coripration docuaent dated 9 December 19$5. 
describes the blologf course at ^odore Sigh SOhool* 
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axM presented as a sequence of activities (nuoibered l^om 1 to 20) as shotm In 
liable I. 

Vlhen a student coopletes an activity, his next activity will always be the 
succeeding activity In the sequence shown In Thble !• Student progress, how- 
ever, Is allowed to vary In the following wa^: (l) the particular day during 
the school year when they start the course; (2) the particular unit of study 
(the activity) where they begin; and (3) the aaount of tlae spent In each of 
the 20 activities* Thus, each student processed by the system nay have a unique 
history In terns of the day when he begins a course, what activity he begli\s, 
and the anount of tine he spends In each of the activities* 

Tlgure 1 Is a diagram of that part of the systen that controls the starting day 
and activity for each student* The design of the systen assunes that all 
students who will work In the course during the 175 days that It Is In operation 
start on the first day of the 175«* 3hls Is represented In Tlguxe 1 by the 
Mctangle labeled ''Start*" A pathwey leads frm "Start" to a choice point 
(labeled "a" In Figure l) Where two exits are possible* Ixlt 01 leads to a 
rectangle labeled "Start Course" and exit 02 leads to a rectangle labeled "Mbit*" 

Students who take the path to "Start Course" are processed to a choice point 
with 10 exits, labeled "b^" At location "b" In the systen, students are assigned 
to one of 10 locations* These locations In the systen represent the work activi- 
ties associated with each of the 10 units of study In the course (the odd-numbered 
activities In Thble l)* Students who take the 02 exit from choice point "a," 
and go to "Walt" are assigned to one of 3^ locations In the system at choice 
point "c*" When a student Is assigned to one of these locations, he is held 
there by the systen until systen tine Is equal to the value assigned to tliat 
location and then starts the course by gol^ to choice point "b" for aselgnaent 
to a specific work activity* 

The start function for the systen makes It possible to represent studrmts begin- 
ning the course In any one of the 10 units of study* , Also, they can begin their 
work on the first day of each of the 35 weeks that the course runs* Konnaiy 
students begin work In Unit A on day one In the actual course, but there are a 
fevr exceptions and these can be aeccnnodated by the start function described 
above* 

The other way that students vary In the biology course Is with respect to the 
amount of tine that eaOh apnnds in the 20 activities listed In Thble I* Figure 2 
is a diagram of the function controlling the amount of time students spend In 



■I •' I, 

^Actually students work In other courses up until the time th^ begin biology* 
The start function described here merely duplicates a function extenspl to the 
real biOIogy course by providing the system with students at certain times and 
starting them in selected activities* Xt has no eounterpart In the "real" 
situation* 
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Hil>le I* Seqioisiioe of Activities In BLology Course 



Activity 


Deseristlon 


01 


Work In Unit A 


02 


Itest In IJhlt A 


03 


Work In Dblt B 


6 k 


TOst In IMt B 


03 


Work In IMt C 


06 


Itest in Unit C 


or 


Work In Unit B 


4 08 


test In Uhlt B 


09 


Work In IMt X 


10 


test In Unit 1 


11 


Work In Unit F 


12 


test In Unit F 


13 


Work In IMt G 


Ik 


test In IMt G 


15 


Work In Unit H 


16 


test In IMt H 


17 


Work in TMt I 


18 


test in IMt I 


19 


Work In tAult 


20 

‘ ... 


test In Ukilt J 
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Interupt 
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Course 




day 175 




Take 2 Tests 
& Start 
Ife^xt Unit 



Take 3 Tests 
& Start 
Next Unit 



Figure 2* The Ttnii^ 
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the various activities* This part of the system is general to all 10 units of 
the course, that is, each specific unit can he described in its terms* As a 
part of the start Ihnctlon previously described, students are sent to a location 
representing the start of work in one of the 10 units* This is shown as the 
bottom rectangle in Figure 1 which is, in terms of the over-all system, the same 
location as the rectangle at the top of Figure 2* 

Upon beginnii^ work in a unit, students are processed to a choice point which 
has eight exits* This is shown in Figure 2 as "d," and represents a student's 
behavior in that activity* He nay work in a specific unit from 0 to 9, 10 to 19, 
20 to 29, 30 to 39f ^ to ii9, or 90 to 99 ctaiys, he may Interrupt the course, or 
he may Just remain in that activity until day 179 idien the course is finished* 
Each of these eight possibilities is represent! d by an appropriately labeled 
exit from "d" on figure 2* 

Students who work in the unit, end their work and begin the unit test after a 
lapse of system time that corresponds with their exit (01 through 06) from "d" 
(see Figure 2)* Students who interrupt the course (taka exit 07 from "d") are 
processed to choice point "e” where t^ nay be represented as either dropping 
the course or transferring* These 1A10 take exit 08 produce no further work* 
Although they remain enrolled in the course, they make no further progress* 

Students ihio end work and start the unit test (see appropriately labeled box in 
Figure 2), are processed to choice point ”f" idilch has three exits* Exit 01 
leads to a location that represents students taking a sli^e mastery test for 
the unit and the start of work in the next unit in the sequence* Exit 02 pro- 
vides a path for students who take two tests, and exit 03 is for those tdio 
three tests *'*^ 



B* BROCEDURES FC« SlMULdTTjfllG TBB AC^^ 

System Development Corporation Document TN-lii93/3lV00, dated 22 March 1969, 
describes the cooiputer simulation capability for educational systems* In brief, 
this capability consists of a set of computer programs in the JOVIAL programming 
la n guage that are used on a Fhlleo 2000 computer* The programs axe qq 

that a speclfie educational organixatlon such as the biology course at Theodore 
High School can be represented by asseodbllng the modules into a particular 
configuration* This capability was used in the present study to simulate the 
progress of students through the activities in the biology course* 



^Students in the actual biology course were required Initially to meet a criterion 
on a mastery test before advancing to the next unit* If they did not meet the 
criterion in one, two or three tests, they automatically advanced* This procedure 
was changed later, giving the student an option as to whether he wanted to repeat 
a test (up to three tries) or go on to the next unit* 
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The aysten described in Section A, above» is designed to process students 
through a set sequence of activities, to control the amount of time a specific 
student spends in each activity, to control the day when a specific student 
enters the course, and to control the specific activity where he begins the 
sequence* ©ils system may be used as a bcusls for simulating the present 
organization of the biology course at Theodore High School by establishing 
rules for the distribution of students at the choice points described In 
Section A, and Illustrated In Figures 1 and 2* 

Table I In Appendix A details how students are distributed at control points 
"a," "b," and "c*"^' At the control point which governs 'idien students begin the 
course (Figure l), 88^ of the studentcf take exit 01 euid start the course 
Immediately, and 12^ take exit 02 and wait* The first row of figures under the 
heading In the table shows these data* The second row in the table shows the 
distribution at choice point ”b" In the figure and the third row In the table 
Is associated with "c" in the figure* 

Tables IX through XXI In Appendix A contain the distributions used to control 
the timing of students at control points "d, " "e, " and "f " as seen on Figure 2 * 
An examo^e associating the tables with Figure 2 will serve to clarify the 
relationship* Assume that a simulated student has been processed by the start 
function and begins work In Unit A of the course* This places him at Choice 
point "d" on Figure 2, where a specific exit Is selected for him based on the 
number of days he has been in the course* Table II In Appendix A contains the 
data governing ^ch exit he will take from "d*" Since he must necessarily 
have accumulated zero days In the course,'** his chances in 100 for taking one 
of the eight particular exits are shown in the row associated with zero to nine 
cumulative days In the course* ©ms the probability of his taking exit 02 is 
*32, that of taking exit 03 Is *43, etc* If he takes exit 03, he Is credited 
with from 20 to 29 days work in Unit A (see exit 03 fyom "d" on Figure 2)* 

The specific value In this range is assigned randoody to each student* The 
simulated student has now progressed to control point ^'f " where three exits 
are available (see Figure 2)* Table III in Appendix A determines his exit from 
this location, which depends In part on his simulated performance In workJ.ng in 
Unit A* If the student was simulated as working rapidly In Unit A (he took 
exit 02 at choice point "d") according to Table III at choice point "f," he has 
a 40^ Chance of taking exit 01 and a 60f& chance of taking exit 02* Exit 01 
represents the stiident taking a single test Which, on the average, consumes 



*The data contained In this and subsequent tables in Appendix A were obtained 
from an analysis of actual student performance in the biology course at 
Theodore High j^ool during the 19^1965 school year* 

**The start Ibnctlon consumes no '*‘lme In the system, and since there Is no 
activity that precedes work Ip Jhlt A (see Table I), this student must have 
accumulated zero time at Ohoi e **d*" 
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two days beyond the end of work in Unit A; exit 02 represents two tests taking 
four days, and exit 03 represents three tests takii« six days. 

A student who took exit 03 at choice point "d" will probably take exit 02 at 
choice point f' (according to Table III his chances for exit 01, 02, and 03 
are 39 ^, 90 %, and ll^b respectively). Thus the simulated 20 to 29 days he spent 
in work in Unit A would be incremented by six more days of testing in the «««» 
unit. If the specific value he received for work in Unit A was 25 days, his 
total time in Unit A including the test, would be 3I days. 

Thus, this simulated student upon entering work in Unit B would be distributed 
at choice point "d" on this new cycle through, the system according to Thble IV 
in Appendix A. With 31 accumulated days in the course, he would have been in 
the course a cumulative 30 to 39 days and so would have a 33% chance of taking 
exit 01, a 31 % chance of taking 02# and an b% chance of taking exit 03 at 
choice point "d." His behavior at choice point "f” would depend on which exit 
he takes from "d" as on his cycle through Unit A. 

Students who interrupt the course either drop it or are transferred to another 
school or another version of biology. Table XXII in Appendix A shows the dis- 
tribution of students at choice point "e" on Figure 2, and represents the 
proportion of students vho interrupt suid drop the course versus those who 
interrupt and transfer from the course. 

One hundred simulated students were processed by the course simulator, and an 
output tape was produced. This tape contains a complete history of every 
choice made by the simulator. Each decision is associated with a specific 
student and a record of simulated time. Bata zeduction programs enabled three 
types of information to be abstracted from this tape and printed out for 
analysis. One printout contained the total nuniber of students engaged in each 
of the 20 activities listed in Table I, for each of the I75 days of the course. 
Another summarizes the total number of days spent by all students in each 
activity, and the third summarizes the total number of students who coog>leted 
each activity. These printouts, voluminous in size, provide the data presented 
in Section B, below. 



C. PROCEBURES FOR SIMUIATIIIO EXEBRIMBN9AL VERSION OP BIOLOGY COURSE 

The experimental version of the course attempts to represent the lifting of the 
requirement in the actual course that all students accomplish the same amount 
of progress by specified dates. To achieve this, the regular model was altered 
by changing the rules that apply at choice point "d" In Figure 2. Instead of 
student time in an activity being dependent on the number of cumulative days in 
the course as in the regular model, different rules were used in the eaqperlmental 
version. One rule governed the distribution of students at choice point "d" in 
Unit A and another general rule governed their distribution at the point 
for subsequent units. 
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In order to obtain a progress rate that was least afXected by the tine con- 
straints, student perfamance in Unit C in the actual coiu^se was selected as 
representing their ideal progi.^ss rates* The average amount of tiom sMnt in 
this unit was the same as the ttine allocated to it by the studv guide (21 days: 
see procedures for analysis of study guide in Section D, helav) • A distribution 
of students' actual tines in this unit was used as a rule for distributing 
simulated students at choice point "d" in Unit A (see Table mil, Appendix A). 
This rule started the simulated students in Unit A with a progress rate based 
on the actual rates of students in the course in Unit C* The rates were adjusted 
for the relative length of Unit A as conpared to the other units Thus l6^ of 

the students would spend from 3 to 12 days, from 13 to 22 days, 8^ from 23 
to 32 days, from 33 to k2 days, 2^ from 43 to 52 days, and 1^ from 53 to 
days, working in Unit A* As in the regular model, the specific values within 
a range were randomly assigned by the conputer to individual students* The 
same rules used in the regular model for allocating time in the unit tests were 
used in the experimental model (see Appendix A, Thble II for Uhlt A and the 
even-muBbered tables; Table IV through Table XX for the other nine units). 

For assigning time in the work activities for Units B through J in the experi- 
mental model, a hypothetical rule was used* It was hypothesized that most 
students would perform on subsequent units pretty much as they performed in the 
past; however, a few students would improve and a few would do more poorly. 

Table XXIV in Appendix A shows the hypothetical rule that was used* Following 
this rule, an "average" student in Unit A, performing in the range of I3 to 22 
days, has a chance of going to a faster category, a 90^ chance of remaining 
in the same category, and a 5y chance of going to a slower category when he 
works in Unit B. 

One hundred students were simulated as working in this experimental course* 

All began in Unit A on the first day of the course and were processed by the 
model for I79 days* No students were added or dropgped as occurred in the actual 
course and as was simulated in the actual version* 



B. RBSUUTS 



1* Summary of Enroillment 

In the actual biology course, 140 students began the course on the first day* 
During the school year, I6 were added because they transferred into the school. 



^Analysis of the study guide indicated that the 10 units were not presumed to 
require equal amounts of time for their completion* Unit C equaled 21 days 
as a baseline; the weights assigned to the other units were: A =: -2, B ^ -3 
C » 0, D s -4, E s -2, F a .3, G a -5, H * -4, la -J, aud J a -5, 
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finished i^ntt-g^ science or repented units unfinished in the previous year. 

ellS^t^it! Jjf **” ^ *•“ »»«• 

^ **“ **" ’"««»“ «»y lost Interest, mre 

l^sferred to an easier version of Mology, or noved Ifon the school dialler 

Si^iahid^nih? students were enrolled In the course uhen It 

n^shede These data are shoun In Table II (in the codunn labeled "Actual") 

^ actual co«rsr(lS^Se1ol^^ 

^»jAct ) and the sloalLated eatperloental course (in the codunin labeled "Sim 



?? shws that the enrOUnent data from the simulated actual course Is 
virtually Identical to the actual course* The similarity shows that the modAi 
reproduce this aspect of the behavior of the ^e il?h wat flto^ 

2[rS?!^Sf «.jen»nt.l cours* onl^^prSJSsfS; 
em^ment as the actual course, because no students were added or subtracted 
fforn the experimental course during the simulated year* 



2* Time Spent In Course Activities 



Each student In the biology course consults the study guide upon beelnnliue a 

reports, etc.) that are specified. The aaount of tine he spends in this w«k 
varies, d^nding on the student. E* is guided in his etpendltoe of tlj 

toirE’hv’’thr2SJ**?*?Jf 5® cccfflete Unit B hy the ^ of the flrst“iarter, 

T S? ^ i ?“ »>lt li by the end Of the third mjarter. and 

Unit J by the end of the course. Huanwr, wu 



*•* '** * ““ achedule for a 

of the unit. He can spend a day or note preparing 
or he cMi take the test on the fodlowing ^ 
'”*’'1 Moreover, if he is dissatisfied with his grade on a 
test, the ^ent can take 19 to three different versions of the ,iSetert tefcre 
he is farced to go on to the next unit. Iherefore, the aaount of ^ a atSfST 
spends In taking tests for a unit varies depending on the student* 



^ students In each of the 10 units that 
ftf* Sfih* Wology course provides an Indication of the relative Importance 

over-all system vlei^polnt* The results of an an^i^^f 

^ analysis, the various specific tasks general to^ 
all ^ts In the course, such as reading a chapter In the text, ansuerliue the 

dM ^ ®*“^» ccoducung a laboratory ei«5S^rwlttSg 

* llbr^ research, taking the nastery test, etc., sere given ^ 

their accoopllehrent. Ihe nnaber of tloes that tlJsr 

U» oach specific unit vas used to estiaoite the rela- 
woSd^^^t^l IT? 2^.“^*’ based on ..sumption that the course 
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Thble II. Sunmary of EnroaLlment in Biology Course 



t 

0 .t«t<«Br 


No. of Students 


Actual 


Sin. 

Actual 


Sin. 

SXD« 


Started First Day 


l 4 o 


ito 


156 


Added During Year 


16 


17 


““ 


Total EnroOLlnent 


156 


157 


156 


DrcQroed or Transferree 


28 


28 




EnroUnent at End 


128 


129 


15C 
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enable III, Average Nuniber of Says Spent by All Students 
in Biology Course in Each Uhlt 



(ftllt 


Average Daars In Unit 


Study 

Guide 


Actual 


Sin. 

Actual 


Sin. 


A 


19 


25.5 


24.4 


20.4 


B 


16 


17.5 


19.2 


18.2 


C 


21 


21.0 


21.0 


23*1 


J > 


17 


16.0 


16.6 


18.7 


S 


19 


12.4 


13.0 


19.7 


P 


18 


21.5 


23 >4 


19.1 


G 


16 


10.6 


10.4 


15.7 


H 


17 


14.7 


15*8 


17.1 


I 


16 


26*3 


25.9 


15.7 


J-J 


16 

1 


07.2 


09.9 


09.9 
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V 



The cduBn labeled "Aetuil" In Thble 111 ahowe the averase muber of daya that 
the atudenta actually apent in each of the 10 unite durlx« 1964-1965. The 
column labeled "Sim Act" ahowa the reaulta obtained through aimulatii^ the 
actual courae^ and the column labeled "Slm Eiqp" ahowa the reaulta obtained In 
the almulated experimental eourae. The almllarlty between the actual data anl 
the almulated actual data Indlcatea that the model la capable of repreaentlng 
the behavior of the eourae In producing data that aummarizea the average amount 
of time atudenta apend In accomg^llahing each unit of the eourae. By eontraat^ 
the almulated experimental eourae producea data eimllar in range and pattern to 
that derived by the atudy guide analyala. The outatandlng exception la for 
Unit where atudenta In the experimental eourae averaged about 10 daya aa 
compared with I 6 Indicated by the atudy guide. Thla dlacrepancy can be ex- 
plained by the known fact that the atudenta ^o eom(pleted Unit J in the 
experimental eourae we^e made up of the of all atudenta with the greateat 
ability to progreaa. It would be expected that they would need leaa average 
time aa a aubgroup to complete the eourae than the total group would require. 



3* Student Progreaa at Bnd of Courae 

An Index of the over-all effectlveneaa of the blOlogy courae la the extent of 
progreaa mede by the 128 atudenta who were enrolled at the end of the course. 
Table TV, In the column labeled "Actual^ " ahowa theae data for the students In 
the actual course. All students (100)() completed Unit A, but 01 ^ 54^ of the 
students completed Unit J. Table I\r« In the column labeled "Slm Actual/' shows 
similar data from the simulation of the actual course; the column labeled "Slm 
Exp" shows the over-all effectiveness of the experimental course. A comparison 
between the data from the actual course and the simulated actual data shows a 
high degree of similarity in Uhlt A and Ihilts 0 through J. A comparison In 
Units B through F shows some aubatantlal differences In percentages^ probably 
due to a known limitation of the model that could be corrected In a second 
version.* This limitation la not regarded as Important to the coneluslons that 
are reached from these data. 

A comparison of the data from the almulated ejgperimental course with the actual 
course shows that the latter was eonslderdbly more effective In getting students 
to complete Unit J (and the course). 



^The maximum number of days a simulated student could spend In work was limltfftd 
to kl, even though It was known that some would exceed thlei limit. This 
limitation accelerated the progress of a few students thered^ Inflating the 
values in IMts B through F. Because the averages In Tablve III are based on 
a much larger number of students^ they are probably not noticeably affected 
by this limitation. 
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Table IV* Extent of Frcgreee of All Students Enrolled 
nt End of Blolomr Course (175th Day) 



Unit 

Coo(pleted 


Bereent of Statents 


Actual 


sifli* 

Actual 


Slot* 


A 


100 


100 


100 


B 


95 


100 


100 


0 


92 


100 


100 


D 


89 


98 


98 


E 


83 


90 


95 


F 


79 


88 


92 


0 


77 


CD 


84 


H 


75 


77 


79 


I 


72 


73 


K\ 


J 


5^^ 


5^ 


38 
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It, Progress at Ei^ of thie E xperimental Course , 

TU)le IV in the coliiaii labeled ”Sln Exp” shows the effectiveness of the escperl- 
mental procedures for a 175-day course. These data were abstracted so that the 
data could be cooQpared with the actual course. In addition^ project personnel 
continued the simulation for the experimental course for a total of 270 days in 
order to represent continuation in the course of those simulated students who 
did not finish in the regular time. These data are shown in Teble V. According 
to these data> some students finished the course in as little as 15 weeks. 30* 
of the students completed it in 35 weeks (the length of the actujd course), and 
82i finished in 270 days (5^ weeks). From the 35th through the 42nd weeks, 

32# more of the initial 100 students finished the course. Thus extending the 
esqperlmental course a mere seven weeks Increased its effectiveness 84p. This 
suggests that the content of the actual course as outlined in the study guide 
is not optimally matched to the 35 week length of the actual course. 

Another interesting result calculated ffom the data in Table V enables a com- 
parison to be Bad e between the efficiency of the actual 35 week biology cowse 
and the 54 week experimental course. In terms of over-all perforirace, 54% of 
the actual students finished the biology course as compared with 82% who finished 
the longer ejg^rlmental course. By permitting hlgh-abUlty students to finish 
the experimental course early, 425 student-weeks of instruction are saved as 
contrasted to the actual course reQjuiring all students to attend for 35 weeks. 

The ’’cost” to Instruct the students continuing beyond the 35th week to the 
54th week in the experimental course was 332 student-weeks of time. The long 
experimental course enabled 82% of the students to finish at a savings of 
93 weeks of student effort as compared to who finished the actual biology 

course. 



E. DISCUSSION OF SIMULAIIOI! BESUITS 

The rules that governed student progress in the two simulation studies are 
interesting because of the Imgplicatloins they have for designing individualized 
courses. One rule was found to apply lAen slnulating the actual bldlogy course 
and reilects the use of group minimal progress goals in the design of the 
actual biology course. A second rule applied to slnmlated esgperlmental 
course and reilects the use of individual progress goals in that course. These 
two :rules are discussed below. 



1. Group Hin’ «"*'» Wyop^ yess Goals 

The rule used to control the progress of students in sloulating the actual 
biology course was specified in Section C above, and in Appendix A. It may be 
summarized as follows: the amount of time students spend in accoopllshing the 
work in a unit of study is determined by the number of days spent in the course. 
By using this general rule, project personnel produced the data on course 
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Thibl<$ V« Progress of Students in Sinulated. Eaqperlnental Course by VJbek 



Week 


Percent of 
Students 
Coiqpletlng 
Course 


Cumu- 

lative 

Percent 




Week 
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Students 
Cooqpletlng 
Course 
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lative 

Percent 
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01 


01 
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20 


02 


05 
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o4 
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21 


08 


13 
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71 


22 


01 


14 
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03 
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24 


01 


18 
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01 
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18 
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02 


76 


26 


01 


19 
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01 
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27 
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21 
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28 
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22 
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01 


23 
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enrdllaient, average amount of time students spent in each unit and over-edl 
student progress described in the results section. The great similarity between 
these simulated data euod the data obtained from course records is a strong 
argument for believing that this rule vas governing student behavior in the 
actual course • 

The lack of similarity between the average amount of time students spent in 
each of the 10 units of study and the theoretical times derived from the content 
analysis of the study guide was noted in the results section, niis dissimilarity 
implies that course content cannot explain the variation in times for the units 
and lends additional support to the belief that the relative Importance of units 
(as measured by the aveange time students spend in them) was determined by group 
minimal progress goals. Additional evidence for this belief comes from an 
examination of the individual records of students in the actual course. This 
study showed many simclflc instances of students pacing themselves to meet group 
gOEds. For example, one student started the second semester by spending 50 days 
in Unit F and. 24 days in Unit 0. He then aceon(pllshed Units H, I, and J in a 
total of 11 days. 

From a course designer's viewpoint, the use of progress goals common to all 
students in the course is attractive for two reasons. One reason is related to 
the administrative task of keeping track of the progress of each student. The 
use of a single progress standard (e.g., "All students will complete a specific 
amount of work by a specific date') makes It simple to evaluate each student in 
terms of his success in meeting that standard. The alternative of establishing 
individual progress goals and of assessing the success of each student relative 
to his unique goals is a formidable task from an administrative viewpoint. 

A second reason for using common progress goals rests on a belief that they have 
a desirable effect on the amount of work students will accomplleh. ‘ Data from 
the course show that, in general, students spend relatively less time on units 
that precede deadlines. In addition, the data also show that the students spend 
relatively more time on units that fellow deadlines. Apparently students are 
influenced to meet deadlines but are not influenced to work consistently at 
their top capability for progress. 

The content analysis of the blcdogy course study guide indicates that the 
10 units should each require roughly the same amount of effort on the part of 
students. In considering these theoretical figures, it is of Interest to 
speculate as to how it Is possible for students to vary so greatly from these 
esgpected times. Om possibility is that the course is "too easy" for some of 
the students. These students tend to spend a great deal of time on the units 
that Interest them in order to consume the time that is available to meet the 
minimal progress goals. Another possibility is that unit nmstery standards 
are so loosely defined that mastery depends mainly on the grade that a student 
is willing to accept. 
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Both of these possibUltles OKpear to be operating in the biology course 
an^ting the ra^rloental course i*lch, In eflbct, took the of 

students M om unit In iJie actual course end extrapolated It through slmula- 
tioo to the others, shovrs that under these condltic^ hboat 
slants woujW cOBplete the course before the time It ended In tte wtual 
8ltitttlon> &ls suggests that sons hlgh*ablllty students igere "marklne tine" 

a vide range of interpretation came from an Inspection of Indlvldiml recovds 

stu^nt was noted as requiring 53 days to complete th^ work^ ‘ 
In Unit Bp later In the course he spent two daTS' to Gom'hie‘h«» t a aj 

^ e^ "® 

J.*equlre 16 days works This student's record strongly suggests that moo4-msene 

standards used for him in the two units sere nSb^Sji?^! 



2« IndtvidiigLi Progress Goals 



The rule used to govern the progress of students In the simulated evneT*’imAn<i>sk’i 
course was specified In Section C abovOp and in AppeiSlx AT^lS^brlS^^^^^ 
^ogress rate for a student depends mainly on his progress rate In Unit c in 
the actd^ course. For each partlcular^t, thL^H ^S^s g?^^n a 
Of remaining the same, a 5* chance of Increasing, 2d all fh2“of 
decreasing. The use of this specific rule attempted to simulate th^2g?^ss 
students based on their ability (as defined by performance In Unit C of the 
actual course) and the effects of Individual progress goe^.s i^cyi ot tha 

g^Ss)“""L21f TVJt 

goals;, of the consequences that may result from operating an aetuni 

c^se with Individual progress goals are Implied by theresults obtained 
through simulation. Simulation predicts that some students would finish ths 

\5th week and that If thno2^?S^^''S2n2S ?o 5^ 
eks, o2^o of the students who began the course would finish it MorpaiMi.i» 

tbc 5^ week Individual progress course Is more efficient 
actual group progress course. This Is because the individual 
progress co^se, by permitting hlgher-than-average ability students to finish 

weeKs of student time even though It ran I9 weeks longer. 



eawerlmental course simulated 

4 P^®®at study Involves solutions to problems that pertain to th#* 

Yldual pP08«ss rule used in sl«ul.tlon. -Lee prol^ SS^c^s^lf^' 
connection with two assumptions on idildi the InclSldual progr^s rule l^based: 



ll T stbflent will work at a relatively 

c^l^nt rate of p^igress that Is unique to him as an Indlvldu^. 
The i^ssary procedures to determine this rate and to ensure ite 
consistency are requirements for a course to operate as the 
experimental course did. Project personnel have suggested a set 
of procedures that use a computer to collect, stor^^and print oat 
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Infonnatlon useUd for the task of maintaining a consistent rate 
of progress for students* This syntem is described in ^stem 
Development Corporation document TM-l^i93/l03/00» dated 28 February 
1964* In brief, this system sets individual goals for each student 
based on his ability and performance; it records his day-torday 
progress in a course; and It produces displays of information so 
that the student and instructor can act to maintain consistent 
progress for the student* 

There is a second assumption that must be met by a coirse that 
seeks to duplicate the esg^rimental course; namely that the varia- 
tion among students in their progress is due to the length of time 
that each individual requires to master the content of a unit* 

This means that mastery of each unit must have a rigorous and 
consistently applied definition* Some of the procedures necessary 
to define mastery Include: (l) a content analysis of each unit of 

the course to specify the behavioral changes that students are 
expected to sho«r as a result of their learning experience; and 
(2) the construction of assessment devices to determine whether 
or not these changes have occurred* The first step defines mastery 
of the unit in terms of observable behavior; the second provides 
a means for determining idiether mastery has been attained* The 
concept of content mastery takes its definition solely and com- 
pletely from the student behavior associated with it* 



IV* IMPLICATIONS OF STUDY FOR HIOJECT OBJECTIVES 

The biology course at Theodore High School is sufficiently innovative in its 
individualized aspect to have many implications for the objectives of this 
project* This section summarizes what has been learned* 
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A* NEW ROI£S FOR PERSONNEL 

Compared to conventional classrooms, the organization of the biology course 
places. Increased on both students and other school personnel* For 

exanq^e, biology students have a major responsibility for their own education 
in the sense that they must make many decisions* Using the study guide to get 
information libout the objectives for a unit and the activities that must be 
accomplished in order to complete the unit, the student must choose what he 
will do on a given day and then must schedule himself for many of these activi- 
ties* For example, he may have a choice whether he will study his text, work 
in the laboratory, or go to the library to prepare a research paper* For 
laboratory work, he is required to plan ahead and schedule himself there prior 
to the day he wishes to wo^'k; the same is true for discussion groups and tests* 
This requirement to do advanced planning is necessary from the instructor's 
viewpoint, so that he may anticipate the requirements of students for space, 
materials, etc* 
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» The student's responsibility for decision-innking has an even larger dimension 

when the total school is concerned. Procedures cjxist so that a student can 
schedule himself on a day-to-day basis out of his regular biology period into 
another subject if he can Justify his need to tlui instructor. The converse is 
also true— a student can spend additional time in biology at the expense of 
another subject. Moreover, althouc^ assigned to a regular period In biology, 
he can arrange to attend additional sessions of the course during the other 
periods It Is given. 

During the current year (196^-1966) Theodore Hie^ School has made a prceedure 
^ available to about 50 of Its students whereby they can arrange their daily 

schedule to suit their own needs without prior |)ermlsslon. If a student needs 
to work for two or three periods in one subject on a particular day, he makes 
the decision and may do so merely by not attending his other classes. He Is 
esqpected to "pay back this time" to the courses he misses at some later, more 
appropriate time, so that each subject gets Its fare share of his time. School 
^ officials report that this procedure is working; weU; they Intend to extend the 

privilege to more students with the eventual goal of including all "responsible" 
students . 

The use of group progress goals In connection with this procedure may it 
difficult for students to balance the amount of time spent on each of their 
subjects. It Is entirely possible that students may spend time In a class, as 
It appears they have dcme in the biology course, merely to satisfy the require- 
ment of equal time for each course. The suggested solution Is to use Individual 
progress goals as was assumed for the simulated escperlmental course described 
above. With this procedure a student's time would apply to his own goals and 
not be constrained by the group. 
r 

The Instructor's roles In the biology course differ from the roles In a con- 
ventional course with regard to two functions. One of these Is related to his 
role as a course designer and the other per^l»lns to his responsibility for 
monitoring and controlling the progress of his students. At Theodore High 
School, most Instructors have designed their courses through the medium of a 
study guide and associated mastery tests. This Is done so that the Instruction 
can be individualized, that Is, so that a student can learn the content of a 
course on his own. The specific skills and techniques for designing courses 
are not well defined, consequently courses cmd units within courses vary 
considerably. The variation In the average amount of time spent on the 10 units 
In the biology course Is an example (Table l). 

Project personnel believe that there Is a technology currently available for 
r j designing courses. Briefly, this techxilque Involves analyzing the substantive 

I content of a c curse in terms of the observable behavioral changes in students 

^ j that the course Intends to accomplish, and devising assessment devices to 

j determine whether or not the changes occur. The practical problem, however, 

not the lack of technology, but the lack of personnel resources within the 
j school to use the techniques. The present biology coiurse design took about 
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th^e man-months to projice. Design of this course to the more exacting 
Reifications in«»lled here could very well take two man-years of efLrt 
The pros^ct of providing well-designed courses for secondary schools in* 
f^hcomi^^^ unless substantial support external to the schools is 



The second ftinction that shapes the redes of the biology instructors is the 
^Rnt role as contrasted with the designer »s roirdlscuosed abwe! Se 
procedures used in performance of the monitoring aspect of instructional 
management in the present biology course include the establishment of 
progress ^quirements for the course; the checking of products produced by 
(papers, research reports, quiazes, etc J; the recording of the ^ 
acti^ties Rpleted; the administration of mastery tests; and ^ assi^nt 
of unit g^Mes relative to the group progress goals. !Hie controlling aspect 

management Includes most of the instructors* interactira 
* result of the data collected through monitoring. »«Sns may 
remediL*wo^k^*'^”* content material or requiring a student to do additional 



instructional management in the experimental course are 
lu the actual biology cowse, but the size 
of the Job w^d be substantially increased because of the use of individual 

monitor student progress with respect to S^m. 
This task is best conceived in connection with an information processing 
system to provide personnel with useful information. 



B. THE USB OF MEDIA 



luftrection in the biology course are primarily a study 
gui^, a textRk, a laboratory manual, and assigned "outside" reading. The 

students as to the specific reading and laboratory work 
that is to ^ accomplished in connection with each unit in the course. Since 

Ihl content through group lecture or demonstration, 

the media used are of fundamental importance in the communication of substan- 
tire material to students. coumunxcaxion 01 suhstan- 



Use of a study guide provides a course designer with optimum flexibility in 
choosing aeWa he bellevea will o«et hiS course 0 ^cuJ^“ Ihe^^te 

to direct students to multiple sources for instruction, 
course, for example, is able to incorporate several standard texts 
nto the course in this way, although one particular text serves the course as 

f instruction. In aadltion, the course makes usTof film- 

small group discussions which are programned 
is? *“'**“®*i"n«l sequence bjr the course designer. The selection of 

aepemJent on the educational Objectives of a course. 
' *“*^*'» presence of media resources often predetermine course 
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There is a generalized uneasiness expressed by sooe educators that Individual- 
ized instruction will rob students of the opportunities for student/student 
and student/teacher interaction that are afforded by conventional classrooms. 
To the contrary^ this problem can be handled quite easily In an individualized 
course. Once a c curse designer recognizes Interaction as an objective of his 
course, he can program group discussion or student/teacher consultations into 
the instructional sequence. This procedure ensures that each student will be 
exposed to the same Interaction experiences. Sy contrast, interaction in a 
typical conventional classroom is subject to the teacher's style the 
personality characteristics of the students. 



C. USES FOR mCk PROCESSING 



The instructional management role of the Instructor, as discussed in Section k 
above, causes a problem in the use of data processing. There is a strong 
likelihood that monitoring and controlling students with regard to their 
individual goals la a major deterrent to the development of individual progress 
courses. Solutions to this problem are available through application of modem 
data processing technology. 



Project personnel held a conference with Theodore High School officials that 
resulted in the formulation of some general requirements for an instructional 
management information system. These requirements are: 

. The system will store a model of a course which is, in effect, the 
designer's version. This model Includes all of the discrete 
activities provided in the course definition with a time value 
assigned to each activity. In concept, this model is similar to 
the column in Table I labeled "Study Guide" where the amount of 
time for each unit in the blhlogy course, as derived from the 
content analysis of the study guide, is presented. The time 
values in the model are estimates provided by the designer as 
to how long each activity should take the average student. 

. The system will store individual goals for each student as these 
goals relate to this general model. Original estimates can be 
based on his aptitude, but these estimates should be updated 
periodically in terms of his actual performance. 

. The system will collect and store dally progress data from each 
student and compare these data with his individual goals. 

. The system will generate displays providing information for 
instructors so that they can make decisions about allocation of 
their time among their students. 
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It is quite ftasible to iogpleiBent a nanual system for accoa(plishing the above 
requirements in the biology course. Such a system would prdbably require the 
foil tins services of one clerk to collect data and maintain charts for display . 
purposes. However, a computer-based system would be much more poweritil and 
useful for this task and could be used for all courses. In addition, a computer 
could be used for many other tasks in the school, such as attendance accounting, 
cost accounting, scheduling, etc. 



D. SPACE 

TOie biology course is conducted in an area where one instructor can easily 
supervise students, whether they are studying, working in the laboratory, 
taking tests, or engaged in a small group discussion. Testing, study, and , 
discussion share a large classroom. The laboratory is in an a^acent room. 

The use of student assistants to aid in supervision enables the Instructor 
to consult with students in his office ^dilch is connected to the laboratory. 

The major problem with space is that study, test, and group discussion occur in 
the same area. Testing and studying are compatible when sufficiently Isolated, 
because both are quiet activities. Oroup discussion is not compatible with the 
other two activities, however, and interference results. The Instructors are 
aware of this prbblem and propose to place a screen between the two areas. 

The general procedure at Theodore High School of having students do their 
individual study and testing in large classrooms supervised by a teacher who 
can give assistance in the subject should be noted. School officials are 
supportive of this procedure as compared to the use of individual study carrels. 
!Riey believe that students in an open area ere easier to supervise because they 
are visible. 

The advantages of open study space as compared with study carrels in an indi- 
vidualized course are not well understood, in a general sense. Before a school 
spends a great deal of money to build carrels, this prcblem should be studied. 



E. STUDENT CHARACTBRISnCS 

The study of the blblogy course at Theodore High School has not provided specific 
Information pertaining to the characteristics of high school graduates. The 
procedure of allowing students to make dally decisions concerning their activities 
in the cmarse and of requiring them to schedule these activities my have subtle 
long-range effects, however. Giving students this kind of experience at the 
secondary level any result in better preparation for postgraduate activities, 
educational or otherwise. 
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J*he date the simulated experimental course provides Implications for 

^ lUture, vhexe every course Is organized on an 
^sls# The date Indicate, for exaoqple, that some students 
will finish a typical course such as biology In as little as one semester 
vhile otters wm tate mors tten thtee. if ttese teta^ m 

f«S^sJ“hlrt ?ch^’ ®“* Stutents may finish s^tandted 
fo^-year hl^ school education In two years while others take more than six. 

MrthLe*^?^tISi dlfTewnw between the graduates of this hypothetical school 

^ students in the school of the lUturT 

Sfvl; they take one semester or tS^e to c^ete 

case, a starting place for post high school education 
will be more precisely defined than It ptesently Is* 

directly related to the topic of student characteristic^, this msy 
Indicate two major problems whose solutions are assumed In 

students who finish a course 
win be able Immediately to begin work In another course. Bils Implies that 

all courses in a schobl oust be organized for individual progress before the 
systw can work in one course. There Is a possibility, however, that a single 
^pw^nt may be organized tw Individual progress while others in the sc^ 

typlng^oSctoWKy!* 

^"*®**' ^ pertolns to crediting students 

u®* "sed stondsrd, the CSsrmlgle tolt, is 

houafs a student spends In a classroom. Obviously this 
OBPtoed to a concept of credit based on Individual achievement, 
e^r^ntal course, the students who finished In 15 and 54 * 

^ ““ mastery In biology, yet neither tO(* a 

standard biology course as measured by classroom hours- 

classroom Is to base them 
scores attained In national achievement tests. Both the lav 
public a^ tl» educational community share a concern on the advisability of 
using national tests to describe an individual’s achievement. It may Tte a 

^ter of yea^ befw resistance to the Idea diminishes to the poS ttet 
students can be credited in this way. ^ 



V. 



technique of analyzing and fomulatlng the biology course as a system led 

Si ’“** gorcrted in ttelr progress^ cource 

8««te patently tovious at this point, particularly 
^ «“ 8t“dy suld. are cSnsldir^ 
tere not at aU clear until the analysis formulate 
a rule that governed student progress through the course. 
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{The analysis and foraulatloii effort put the group progress theory Into a form 
thereby the eonsequeiices of the theory could be sloulated* The fact that data 
representing these consequences virtually OMtched similar data gleaned from 
the actual course strengthens the theory* The use of system analysis and 
simulation to represent a theoory about the behavior of existing school organi- 
zation ls« In the view of project personnel^ both fea<dble and frultlbl* 

A second use Illustrated by this part of the project Involves simulating a 
theoretical organization which appears desirable but has no counterpart In 
real life* This was the case when the results of Individual progress procedures 
were simulated with reference to the biology course* The data generated by 
simulation represent predictions as to What will occur If the theoretical, rule 
used for student progress Is used* In this case, the data may be of practical 
value to course designers who are looking for a theoretical model to guide 
^helr efforts* If these are the kind of results desired, a designer can now 
Mvise procedures to Implement the theory* 

Whether analysis and simulation techniques are used to construct a theory 
about the behavior of an existing school organization or to simulate the 
consequences of a nonexisting organization, ,they force the analyst to be 
esQllclt In his theory* Verbal theories sometimes tend to be equivocal, as 
for exaaiple In the assertion that students who do well In one unit of study 
will do well In the next* In simulating this behavior, the analyst must 
specify precisely what "well" means In each unit, and must define exactly the 
degree of Interaction* The penalty for nonspeclflclty Is that his model will 
not Ibnctlon* 
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ZABUB3 SHOWING DIS!CRIB(JTION OF SIUDBNIS AT 
CHOICE POINTS IN NQDBL OF HCOLOGY COURSE 
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Thble U« Distribution of Students to End Work In Unit A 





Range In 






DJ 


Lstrlbutd 


on 


- 




Days 


01 


02 


03 


04 


05 


06 


07 


08 




0-09 




32 


43 


10 


03 


01 


11 






10-19 








• 












20-29 




















30-39 




















40-49 


















% 

h 


50-59 


















s 


60-69 




















70-79 




















80-89 


















8 


^ ^-99 


















S 


100-109 


















TJ 


110-119 


















1 


120-129 




















130-139 




















140-149 




















150-199 




















160-169 




















1 170-179 



















!Dable III. Distribution of Students to End Test In Unit A 



From 


Distribution 


01 


02 


03 


01 








02 


40 


60 




03 


39 


50 


11 


04 




67 


33 


05 






100 


06 






100 



! 
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Table IV. Dlotrlbutlon of Stui^jents to End Work in Unit B 





Ranges in 
Days 


Distribution 


01 


02 


03 


04 


05 


06 


07 


08 


1 


0-09 




















10-19 




90 


10 














20-29 


^02 


65 


11 








02 






30-39 


3 ? 


5 T 


06 












dl 


iiO-ii9 


60 


10 




10 






20 




Ur 

(0 

u 


50-59 






33 








67 




6 

0 


60-69 


















a 


70-79 


















1 


8 O -89 


















a 


90-99 


















1 


100-109 




















110-119 


















1 


120-129 




















130-139 




















li(0-li|9 




















150-159 




















160-169 




















170-179 



















Table V. Distribution of Students to End Test In Unit B 



Fron 


Distribution 


01 


02 


03 


01 


64 




36 


02 


61 


14 


25 


03 


74 


13 


13 


04 


100 






05 


100 






06 


100 
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!Dable VI. Dlstrlbatlon of Students to End Work in Unit C 



Range In 
Days 


Distribution 


01 


02 


03 


04 


0? 


06 


07 


08 


0-09 


















10-19 


















20-29 


















30-39 




64 


32 




04 








40-49 


03 


81 


10 


02 


02 






02 


50-59 


22 


32 


22 


12 




12 






60-69 




50 












50 


70-79 




33 










3^ 


33 


80-89 






100 












-90-99 


















100-109 


















110-119 


















120-129 


















130-139 


















l40-l49 


















150-159 


















160-169 


















170-179 



















Table VII. Dlstrlbatlon of Students to End Test in Ifait C 



From 


Distribute 


Lon 


01 


02 


03 


01 


50 


25 


29 


02 


48 


20 


32 


03 


53 


18 


29 


04 


33 




67 


05 


50 




50 


06 


100 
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Table VIII* Distribution of Students to End Work in Unit D 



Range in 
Days 


Distribution 


01 


02 


03 


04 


05 




07 08 


0-09 


















10-19 


















20-29 


















30-39 


















40-49 


















50-59 




92 


04 










04 


60-69 


-JO? 


19 


09 


02 






03 


02 


TO-79 


33 


67 














80-69 


67 


33 














90-99 




50 












50 


100^109 


50 










50 






110-119 


















120-129 


















iao -139 


















Ilt0-lll9 


















150-159 


















160-169 


















170-179 



















Table IS* Distribution of Students to End Test in Unit D 



From 


Dlstrlbut 


ion 


01 


02 


03 


01 


45 




55 


02 


61 


10 


29 


03 


45 


10 


45 


04 






100 


05 




100 




06 


100 
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IhKle X. Distribution of Students to End Work in Unit E 




XW>le XI. Distribution of Students to End Best In Unit E 



1 

From 


Distribution 


01 


02 


03 


01 


44 


36 


20 


02 


40 


42 


16 


03 


100 






04 


100 






05 


100 






06 
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Xable XIV. Distribution of Studonts to End Work in Unit G 





Bange In 
Days 


Distribution 




01 


02 


03 


oir 


05 




I07 


06 




0-09 




















10-19 




















20-29 




















30-39 


















e 


40-49 




















50-59 


















W 

a 


60-69 


















•H 

£. 


70-79 


















1 


80-89 




















Sto-jB—,... 




















100-109 


Lji_I 


20 


05 












1 


110-119 


70 


30 














0 


120-129 


-J3, 


08 


0? 














^^0-139 


_JQ_ 


28 


14 










15 




l40-li»9 








100 












150-159 
















100 




160-169 


100 


















170-179 














100 



Table XV. Distribution of Students to End Teat In Unit G 



Froa 


Distribution 


01 


02 


03 


01 


4l 


14 


45 


02 


75 


10 


15 


03 


33 




67 


04 


100 






05 


100 






1 


100 
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9U>1« XVI. Uatrlbutlon of atutonts to Bnl MorX In Unit R 



5 

I 



I 

4 » 



Banic la 


XM 


Utrihutloo 


Bays 




02 


03 


04H 


05 


06 


07 




0-09 


















10-19 


















20-29 


















30-39 1 


















40-49 


















52:^2 


















60-69 


















- 70-79 


















60-$9 


















90-99 


















100-109 
















* 


110-119 


-19 


75 










06 




120-129 


?3 


^3 


04 












130-139 


?T 


14 


29 












140-149 


4o 




60 












lSO-199 


33 


«r 














160-169 


80 














20 


1T0-1T9 



















Hhble XVIIo Dtctrllwtioii of Studontt 'to Bud 'ifesl* in Ibil't H 





Dlctrlbutloa 


Froa 


01 


02 


_03 


01 


30 


12 


$6 


02 


26 


36 


38 


03 

04 

05 

06 


33 


34 


33 






M 

! 
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Tlible XVIII. Distribution of Stutents to 8ndl Work In Unit I 



Range in 


Dj 


Lstrlbutlon 1 


Days 


01 




-- 23 L. 


o^r 


05 


MI 




oB 


0-09 















H ■ ■ ■ 1 1 




10-19 


















20-29 




• 














30-39 


















1 iK)-49 


















1 —50-59 


















) 60-69 








1 










' 70-T9 












~ 






1 60-d9 












1 






;L--SiP^ 












1 






1 100-109 


















i 110-119 


















120-129 






100 












130-139 






^7 . 


33 










140-lin^ 




Ji- 


75 


06 










150-159 


20 


60 














160-169 




21 






1 








170-179 


100 







L 


1 









I 

4 



Table XDCo Distribution of Students to End Otest in Unit I 



Fron 


Distribution 


01 


02 


03 


01 


80 


07 


13 


02 


37 


36 


27 


03 


Jl2 


30 


28 


Ok 


61 


39 




05 








06 
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TMile XX* Distribution of Studisnts to End Work in Unit J 





Range in 
Days 


' 


Distribution 1 


— 


01 


oa 


.- 52 _ 


.-S- 


05 


::w 


07 






0-09 














.—rr 1 . ■ 






10-M 




















go-29 




















30:^ 


















% 

u 


4o-ii9 


















3 

u 


— 50^ 


















5 


60-69 
















■■ ■" 


& 


:g>-79 












_ 




■■ ' 


1 


_ 80-09 
















' 




90^ 
















~ 


• 


1 100-109 






z: 










gMMHMHM 


1 


110-119 






r 






— 








120-129 




















- 330-139 




















Ibo-iiio 
















' ^ , 




150-159 




















160-169 


91 
















— 


170-179 


100 




















TUble XXI* Distribution of Students to End Tbst in Ihiit J 



From 


Dlstrlbuti 


on 


01 


02 


03 


01 


66 


30 


04 


02 


75 


25 




03 








Ob 








05 








06 
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Distribution of Students 
Who Interrupt the Biology Course 



Bttreentage 



01 


02 


JL. 


-iL 



St«<tent 8 at 

unoxce roxnt d In Unit A: BjqperlBiental Model 





Branch 


at A 


■i&l. 


oe lo3 


Ok 




06 


lti]( 


f 9 i\o 6 $ 


0 k% 


Q 2 i 


oiit 



S •PTSSg'.r.S SiXS£Sr«£ 









Branch on Bre— wt: Unit 






01 


02 


03 


1 OU 




06 


1 


01 


95f( 


05i 










8 | 


02 


05lt 




05i 








03 








05i 






ll 


Qk 






Ki 


90i 


05i 




|e 


05 








05i 
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06 
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